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Description 

BACKGROUND OF THE INVENTION 

5 I. Field Of the Invention 

[0001] The invention relates to anionic, hydrotalcite-type pillared clay compositions and their heat-treated derivatives. 
The invention also relates to a process for reducing the sulfur oxide content of a gaseous mixture by absorbing sulfur 
oxides on an absorbent which can be reactivated for further absorption through contact with a hydrocarbon in the 
10 presence of a hydrocarbon cracking catalyst. 

II. Description of the Prior Art 

[0002] The development of efficient methods and catalysts for reducing the concentration of air pollutants, such as 
IS sulfur oxides, in gaseous mixtures which result from the processing and combustion of sulfur-containing fuels presents 
a major industrial problem which has interested researchers for a considerable time. For example. U.S. Patent No. 
3,835,031 , issued to Bertolacini et al. and assigned to the assignee of the present application, describes a cyclic. 

flutdized catalytic cracking process operating with a catalyst comprising a molecular sieve in a silica^alumina matrix 
which is Impregnated with one or more Group II A metal oxides, such as magnesium oxide. By absorbing sulfur oxide 
20 within a regeneration zone and, subsequently, releasing the absorbed sulfur within a cracking reaction zone, emission 
of sulfur oxides in a regenerator stack gas stream is greatly reduced. 

[0003] Other researchers have noted that absorbents containing rare earth metals are suitable for sulfur oxide re- 
moval service. U.S. Patent No. 4, 1 46,463, issued to Radford et al. and assigned to the assignee of the present invention, 
describes the absorption of sulfur oxides by modified catalyst particles containing the oxides of rare earth metals, such 
2S as cerium, lanthanum and neodymium. The modified catalyst particles reportedly form non-volatile sulfur compounds 
by reacting with sulfur oxides in a regeneration zone. 

[0004] Researchers have attempted to identify an optimal structure for sulfur oxides separation catalysts. U.S. Patent 
No. 4,626,419, issued to Lewis et al., is directed to a composition of matter for removing sulfur oxides from gases 
which comprises an alkali metal and a crystalline rare earth oxide, such as cerium oxide, having a crystal size of less 
30 than about 90 Angstrom units. The '419 Patent states that improved results measured as a reduction of sulfur in re- 
generator off-gas may be obtained using oxide crystals in the specified size range. 

[0005] Sulfur oxide separation catalysts containing magnesium and aluminum crystalline structures in spinel form 
are reported, for example, in U.S. Patent No. 4,790,982, issued to Yoo et al., which describes the use of a magnesium 
and aluminum spinel in conjunction with cerium metal and free magnesia. U.S. Patent No. 4,728,635, issued to Bhat- 
3S tacharyya et al., is directed to a process for the production of a calcined alkaline earth, aluminum-containing spinel 
composition for use as a sulfur oxide and nitrogen removal agent 

[0006] U.S. Patent No. 4,665,01 9, issued to Van Broekhoven, describes sulfur-oxide absorbents which comprise an 
anionic clay having a hydrolalcite structure. The '01 9 Patent states that the anionic clay can have a layered structure 
corresponding to a formula calling for divalent cations, trivalent cations, and anions in specified proportions. Preference 

40 is given to divalent cations Mg2+ and trivalent cation Al^ alone or combined with La^ and/or Ce^. Anions NO3., OH-, 
CI-. Br-, I-. CO32.. SO42., SiOgZ., SiOgS-, Cr042., HPO42-, MnO^-, HGaOgS-. HVO42-, 01042-. BO32-, monocarboxylates. 
dicarboxyiates, alkyl sulfonates, and combinations thereof are listed as suitable. The *019 Patent states that the ab- 
sorbents are useful after a heat treatment to a temperature in the range of about 300 to about 900^0 which reportedly 
can involve some decomposition of the hydrotalcite structure. 

4S [0007] U.S. Patent No. 4,774,212, issuedtoDrezdonandassignedtotheassigneeof the present invention, describes 
magnesium and aluminum hydrotalcite-type clay compositions having polyoxometalates of vanadium, tungsten, or 
molybdenum as pillaring anions. The compositions are reported to have an x-ray diffraction d(003) value which is larger 
than that of typical hydrotak;ites, indicating a greater spacing between clay layers. Reference Is made to use of the 
compositions for catalysis at temperatures in the range of about 200 to about 600^0. The "212 Patent also presents a 

so method of preparing the described compositions which involves formulating hydrotalcite-like clays pillared by relatively 
large organic anions and replacing the organic anions with polyoxometalates from a solution having a pH of about 3 
to about 6. 

[0008] A direct and relatively simplified process for making anionic clays having a hydrotalcite structure pillared by 
pH-dependent inorganic anions Is set forth in U.S. Patent No. 5.246,699, issued to Bhattacharyya and assigned to the 
ss assignee of the present invention, in a preferred aspect, the process comprises adding a solution containing one or 
more selected divalent cations and one or more selected trivalent catbns to an essentially carbonate-free solution 
which Includes an inorganic ion and has a selectively chosen pH between about 6 and 14. 

[0009] U.S. Patent No. 5,288,675, issued to Kim. contemplates a MgO/La203/Al203 ternary oxide base wherein the 
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MgO component is present as a microcrystaltine phase which may be detected by x-ray diffraction. The ternary oxide 
base can reportedly be used in combination with ingredients such as carta and/or vanadia to control sulfur oxide emis- 
sions. The '675 Patent states that the combination can be prepared by a multi-step process which includes reacting 
an aged, coprecipitated lanthanum and aluminum hydrous oxide slurry with a magnesium oxide slurry and a sodium 
5 hydroxide solutbn, calcining, impregnating with solutions of cerium and/or vanadium and calcining at a temperature 
of 450° to 700' C. 

[0010] Sulfur oxide emissions from fluid catalytic cracking units, for example, are increasingly restricted by environ- 
mental regulations. The removal of sulfur oxide pollutants has been the subject of considerable attention for several 
years. One approach to reducing such emissbns involves desuKurizing a hydrocarbon feed stream before it enters 
10 the cracking unit, so that a lesser amount of sulfur oxides are produced. Another approach is to scrub the emissions 
stream with an inexpensive alkaline material, such as lime or limestone. However, both of these approaches are rel- 
atively cumbersome and they create other waste disposal problems. Accordingly, separating the sulfur oxides by con- 
tact with a reusable absorbent presents an appealing alternative. 

[0011] It is generally accepted that sulfur trioxide (SO3) absorption proceeds more rapidly than sulfur dioxide (SO2) 
IS absorption. Accordingly, efficient sulfur dfoxide absorbents must perform at least three functions. First, desirable ab- 
sorbents have a catalytic capability that allows them to enhance the reaction of sulfur dioxide with oxygen to form sulfur 
trbxide. Second, desirable absorbents are capable of binding sulfur trbxide in relatively large amounts. Third, desirable 
absorbents can desorb sulfur components comparatively quickly on exposure to hydrocarbons and cracking catalyst. 
[001 2] The sulfur oxide absorbents which have received the widest commercial acceptance to date in fluidized cat- 
20 alytic cracking units are based on spinel technology, most notably MgAl204 spinels combined with cerium oxide. Al- 
though the spinel and cerium absorbents are adequate for many purposes, they exhibit limited absorbent capacity and 
are prone to deactivation. In particular, free cerium oxide crystals present in the spinel and cerium absorbents tend to 
increase in size during normal operation so as to inhibit overall activity. Additionally, the spinel and cerium absorbents 
require more time for complete desorption than is available in some cyclic processing schemes. 
2S [001 3] Accordingly, a need still exists for new absorbents which can absorb and desoit comparatively larger anK>unts 
of sulfur compounds per unit mass within relatively short cycle time periods. Catalytic materials on the absorbents must 
be well dispersed for maximum accessibility and resist the tendency to agglomerate under operating conditions. Ad- 
ditionally, the absorbents should resist physical attritbn and demonstrate superior stability at processing temperatures 
in both oxidizing and reducing environments. 

30 

SUMMARY OF THE ItsA^ENTION 

[0014] The Invention is an improved absorbent composition composed substantially of relatively small microcrystal- 
lites which demonstrate desirable sulfur oxide absorption capacity and comparatively fast absorption and desorptbn 

3S rates. High resolution electron microscopy reveals that a substantial portion of the microcrystallites are essentially 
composed of a solid solution having impurities, such as aluminum oxide, dispersed in a monoxide of a divalent metal. 
The improved absorbent also includes spinel microcrystallites andtrivalent metal oxide microcrystallites. The improved 
absorbent can be produced by heat treating layered mixed hydroxide compositions having interlayer anions in mono- 
metalate, dimetalate, trimetalate, or tetrametalate form. The invention is also a sulfur oxide separation process which 

40 exploits the advantages of the improved absorbent. 

[0015] In a preferred aspect, the inventbn is an anionic layered mixed hydroxide composition having the formula: 



45 m!*AI M^*(0H)^ ^ (/)^ (a^)^^ ^ mHaO 

2x 2-n n V /4x+4 V / - \ / — ^ 

V q 

where M^* is a divalent metal selected from the group consisting of magnesium, calcium, zinc, barium, and strontium. 
so iv|3+ is a trivalent metal cation selected from the group consisting of cerium, lanthanum, iron, chromium, vanadium, 
and cobalt. 

[0016] J is VO3. HVO4, VO4, V2O7. HV2O7, V3O9, V4O12, WO4 or M0O4. A is selected from the group consisting of 
CO3, OH, SO3, SO4. CI. and NO3. q and v are the net ionb charges associated with J and A. respectively x Is 1 .1 to 
3.5, while n is 0.01 to 0.4, m is a positive number. 
55 [0017] In another preferred aspect, the invention is a composition suitable for use as a sulfur oxide absorbent. The 
absorbent comprises microciystallites collectively of the formula: 
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where M^* is a divalent metal, and is a trivalent metal, as described above. T is vanadium, tungsten or 

5 motybdenunn. with the proviso that T and M^* cannot both be vanadium p is 0.01 to 0.4, while r is 0.01 to 0,2. s is 2.5 
when T is vanadium or 3 when T is tungsten or molybdenum. Each of the microcrystaliite has a greatest linear dimension 
in the range of 0.1 to 30 nanometers. Moreover, a substantial portbn of the microcrystailites of the invention are es- 
sentially composed of a solid solution phase having impurities, such as aluminum oxide or vanadium oxide, dispersed 
In a monoxide of the divalent metal. Another portion of microcrystailites are essentially composed of a spinel phase. 

10 [001 8] In yet another preferred aspect, the invention is a process for manufacturing a composition suitable for use 
as a sulfur oxide absorbent. In the process, water is blended with about two molar parts of a salt of a divalent metal 
selected from the group consisting of magnesium, calcium, zinc, strontium, and barium. Additionally, one molar part 
in sum of an aluminum salt and a selected trivalent metal is also blended in the mixture. The trivalent metal is selected 
from the group consisting of cerium, lanthanum, iron, chromium, vanadium and cobalt. A metalate salt in a quantity of 

IS 0.1 to less than 2 molar parts is also blended Into the mixture. The metalate salt contains an anionic species which is 
a vanadate, a tungstenate, or a molybdenate. In an especially preferred aspect, an alkalinity control agent is also 
blended into the mixture to stabilize the anion in an aqueous, dissociated form which contains but a single metal atom. 
Anions in such form are commonly described as monometalate. It is sometimes convenient to Introduce the ariions in 
solution form as a separate step after a precipitate has formed and has been calcined at least once. 

20 [0019] The mixture is heated to a temperature in the range of 50° to lOO^C for at least one hour and, thereafter, an 
anionic layered mixed hydroxide Is recovered from the mixture. The recovered layered hydroxide is calcined for about 
one hour at a temperature of 450"C or hotter to produce a collapsed composition suitable for use as a sutfur oxide 
absorbent. The collapsed composition is substantially composed of microcrystailites having a greatest linear dimension 
in the range of 0.1 to 30 nanometers. The collapsed composition contains microcrystailites which are essentially com- 

2S posed of a solid solution phase having aluminum oxide or vanadium oxide dispersed in a monoxide of the divalent 
metal. The collapsed composition also contains microcrystailites which are essentially composed of a spinel phase. 
[0020] In an additionally preferred aspect, the Invention is a process for manufacturing a composition suitable for 
use as a sulfur oxide absorbent which comprises calcining a layered mixed hydroxide at a temperature of at least 
450"* C for one hour or more. The layered hydroxide is of the formula set forth above in regard to layered mixed hy- 

30 droxides of the invention. The product of calcining is a collapsed composition substantially composed of microcrystai- 
lites, each of 0.1 to 30 nanometers in size. The microcrystailites are constituted by solid solution phase microcrystailites 
and by spinel phase microcrystailites, as described above. 

[0021] Moreover, the inventbn is a process for separating sulfur oxides from gaseous mixtures. The process com- 
prises absorbing sulfur oxides on a dehydrated and collapsed composition which is substantially composed of nnicro- 

35 crystallites collectively of the formula set forth above with regard to collapsed compositions of the invention. The mi- 
crocrystailites are of 0.1 to 30 nanometers. One portion of the microcrystailites is constituted by a solid solution phase 
and another portion of the microcrystailites is constituted by a spinel phase, as described above. The process addi- 
tionally comprises desorbing sulfur dioxides from the absorbent by contacting the collapsed composition with a hydro- 
carbon in the presence of a cracking catalyst. 

40 [0022] The inventbn is also a process for the cyclic fluldized catalytic cracking of a hydrocarbon feedstock containing 
organic sulfur compounds. The process comprises absorbing at least a portion of the sulfur oxides in a regeneration 
zone with a fluidizabie particulate solid including a collapsed composition in accordance with the formula set forth 
above. The collapsed composition includes microcrystailites composed essentially of a solid solution phase having 
aluminum oxide dispersed in a monoxide of a divalent metal, as described above. The process further includes removing 

4S absorbed sutfu r oxides from the particulate solid by exposing the particulate solid to the hydrocarix>n feedstocks in the 
reaction zone. 

BRIEF DESCRIPTION OF THE DRAWINGS 
so [0023] 

FIG. 1 is the trace of an x-ray diffraction analysis for the product of Example 1, showing a relationship between 
intensity and an angle (in degrees) that is characteristic of a mixed layered hydroxide structure having a d(001) 
value of 7.62 Angstroms units; 

ss FIG. 2 is a dual-axis graph showing a relative weight for the product of Example 2 as a function of time (in minutes) 

during the course of a thermal gravimetric analysis having a temperature trace whbh is also presented in FIG. 2; 
FIG. 3 is a dual-axis graph which depicts a relative weight for the product of Example 3 as a function of time during 
the course of a thermal gravimetric analysis having a temperature trace whbh is also presented in FIG. 3; and 
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FIG. 4 is a dual-axis graph exhibiting a relative weight trace and a temperature trace for a second cycle and a third 
cycle of thermal gravimetric analysis performed on the product of Example 3. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

[0024] We have discovered that anionic layered mixed hydroxide compositions can be calcined to produce dehy- 
drated and collapsed compositions having unique solid solution microcrystallites that are very suitable for use as sulfur 
oxide absorbents. The layered compositions wilt be described first. 

[0025] Anionic layered mixed hydroxide compositions are layered in the sense that they are constituted by sheets 
10 of divalent and trivalent metal cations interposed between a larger number of hydroxide anfons which are also in the 
sheets. They are mixed because divalent cations and trivalent cations are interspersed within the sheets. Water mol- 
ecules and additional anions are located in interlayers between the sheets. When subjected to conventional x-ray 
diffraction analysis, the layered mixed hydroxide composition exhibits diffraction peaks whose positions can be corre- 
lated with the average distance between adjacent sheets. 
IS [0026] In one aspect, the invention is an anionic layered mixed hydroxide composition of the formula: 



2x 2-n n V /4x+4 \ / " V / — 



[0027] In the formula, M^* is a divalent metal present as a cation having a valence of positive two which is coordinated 
with a plurality of hydroxide anions to form Infinite sheets. The structure of the sheets resembles the structure of the 

2S naturally occurring mineral brucite, Mg(OH)2. The divalent metal is preferably selected from the elements of Group II A 
or 1 1 B of the periodic table of the elements as depicted on the inside front cover of Perry's Chemical Engin eers Handbook 
(6th Edition). More preferably, the divalent metal is selected from the group consisting of magnesium, calcium, zinc, 
strontium, and barium; most preferably from the group consisting of magnesium, calcium, and zinc. 
[0028] The symbol M^^- denotes a trivalent metal present as a cation of valence three. The trivalent metal is preferably 

30 selected from the group consisting of rare earth elements, iron, chromium, vanadium, and cobalt. More preferably, the 
trivalent metal is selected from the group consisting of cerium, lanthanum, iron, chromium, vanadium, and cobalt; most 
preferably cerium and lanthanum. The rare earth elements, also known as the lanthanide series elements, are often 
found as a naturally occurring mixture of two or more of the rare earth elements. It is contemplated that such mixtures 
of rare earth elements may be conveniently employed in the present invention. 

35 [0029] x is 1 .1 to 3.5; preferably 1 .5 to 3.5; and more preferably 2 to 3. n is 0.01 to 0.4. more preferably 0.2 to 0.4. 
Al is the trivalent metal aluminum present as a trivalent cation coordinated with a plurality of hydroxide anfons. Addi- 
tionally, it is preferred that the molar ratb of the divalent metal to aluminum be 1 to 5, more preferably 2 to 3. 
[0030] J is an anion selected from the group consisting of vanadates, tungstenates and molybdenates. Preferably, 
J is VO3. H VO4. VO4, V2O7, HV2O7, V3O9, V4O1 2. WO4 or M0O4. More preferably, J is selectedf rom the group consisting 

40 of monovanadates, specifically metavanadate (VOa), orthovanadate. (VO4) and protonated vanadate (H VO4). Prefer- 
ably, J is located primarily in interlayers between the sheets, v is the net anionic charge associated with J. For example, 
the net ionic charge associated with VOg^* is -1 . Similarly, the net ionic charge associated with HV042- is -2. 
[0031] A is a relatively small anion having a size approximately equal to or less than that of carbonate (CP3). Pref- 
erably, A is selected from a group consisting of CO3. OH, SO3, SO4. Gl, and NO3. q Is the net ionic-charge associated 

45 with A. k is 0.01 to less than 2. 

[0032] m is a positive number quantitatively indicating the presence of water molecules. Preferably, substantially all 
of the water molecules are located in the interlayer. However, the formula presented is empirical and is not limited to 
any particular structure. 

[0033] By way of comparison, the naturally occurring mineral hydrotalcite is a specific example of an anionic layered 
so mixed hydroxide composition. However, the formula of hydrotalcite differs from the formula of the layered composition 
of the present invention in that the mineral hydrotalcite ordinarily contains substantially no divalent metals other than 
magnesium, substantially no trivalent metals other than aluminum, and substantially no anfons other than carbonate. 
[0034] The layered composition of the present invention exhibits an x-ray diffraction pattern when analyzed using 
conventional techniques, preferably an x-ray diffractfon pattern including a d(001) value equal to or greater than 7.6 
55 Angstrom units. An especially preferred layered composition employs magnesium as the divalent metal, celium as-the 
trivalent metal, and a monovanadate as the anion J. 

[0035] In another aspect, the invention is a dehydrated and at least partially collapsed composition suitable for use 
as a sulfur oxide removal catalyst Preferably, the collapsed composition is prepared by heat treating the layered com- 
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position described above. Regardless of its source or method of preparation, the collapsed composition comprises 
microcrystallltes which are collectively of the formula: 

5 <Al2.pM^T,07,,, 

[0036] In the formula, M^-*^ is a divalent metal, Al Is aluminum and IVp-^ is a trivaient metal, as described above. T is 
vanadium, tungsten or molybdenum, preferably vanadium with the proviso that T and cannot both be vanadium 

when M2+ is magnesium. 

10 [0037] m is preferably 1 .1 to 3.5, more preferably 1.5 to 3.5, and most preferably 2 to 3. p is 0,01 to .4, preferably 
0.2 to 0.4. It is preferred that the molar ratio of the divalent metal to aluminum be 1 to 5, more preferably 2 to 3. 
[003B] r is 0.01 to 0.2, preferably 0.05 to 0.2. In the algebraic expression communicating the subscript for O in the 
above formula, r is multiplied times s. s is 2.5 when T is vanadium, but s is 3 when T ts tungsten or molybdenum. 
[0039] Each of the microcrystallltes of the invention has certain identifying characteristics. It is not necessary that 

IS every microcrystalllte present in a composition possess these characteristics, but a substantial proportion of the mi- 
crocrystallltes must possess the characteristics In order to achieve the advantages offered by the invention. 
[0040] First, the microcrystallltes of the invention have a greatest linear dimension in the range of 0.1 to 30 nanom- 
eters, more preferably 1 to 20 nanometers and most preferably 10 nanometers. The microcrystallltes need not be 
spherical. For microcrystallltes which are spherical, the greatest linear dimensions are the diameters. 

20 [0041] Absorbents having microcrystallites with dimensions in the specified range are sometimes termed "amor- 
phous," possibly because conventional x-ray diffraction analysis techniques are inadequate to detect the presence of 
their relatively small crystal structure. However, high resolution electron microscopy routinely detects microcrystallites 
in this size range. For the present purposes, high resolution electron microscopy is defined as electron microscopy 
capable of a point-to-point resolution of at least 2.0 Angstrom units. 

2S [0042] Such electron microscopy is also capable of detecting lattice planes in microcrystallites. A lattice plane Is a 
regular geometrical an-angement of objects in space, such as atoms an-anged in a crystalline structure, that is relatively 
fiat in a given vicinity. When viewed on edge by appropriate electron microscopy techniques, the lattice planes appear 
as lines which can be cun/ed or straight as well as continuous or discontinuous. 

[0043] Additionally, the electron microscopy techniques can pinpoint the existence and location of individual lattice 
30 planes, the relative intensity of varbus lattice planes, and the spacing between adjacent lattice planes. Taken together, 
these observations of the crystal lattice, termed "lattice parameters," can be used to distinguish between two or more 
phases within a high resolution electron microscopes field of view. Herein, a phase is understood to be a homogeneous, 
physically distinct portion of matter present in a non-homogeneous physical-chemical system, 
[0044] In practice, the lattice planes exhibit identifying lattice parameters, such as spacing, relative intensity, and 
35 periodic repetitions in spacing and intensity, which can be utilized to distinguish between phases. Once the presence 
of distinguishable phases has been determined, it may be necessary to carry out other types of analyses in order to 
precisely determine compositions of the phases. For example, scanning electron microscopy is often used to confirm 
the phase compositions. 

[0045] Secondly, a substantial portion of the microcrystallites of the present invention are essentially composed of 
40 a solid solution phase in which an impurity, such as aluminum oxide (AI2O3) or vanadium oxide, is dispersed within a 
crystal lattice of a monoxide of a divalent metal, such as magnesium oxide (MgO). The dispersion is not merely a 
physical aggregation. Rather, the impurity is present as a dopant. The impurrties are located so as to expand the crystal 
lattice of the divalent metal monoxide but not to disrupt the crystal lattice completely 

[0046] Another portion of the microcrystallites is composed essentially of a spinel phase. For example, the spinel 
45 phase may include a magnesium spinel such as MgAl204. Additionally, microcrystallites composed essentially of an 
oxide of the trivaient metal are preferably present. 

[0047] The solution solid phase having aluminum oxide dispersed in a divalent monoxide crystalline structure is 
considered to be highly unusual. It is much more common to find relatively separate microcrystallites of aluminum 
oxide and the divalent monoxide together, with each microcrystalllte containing but a single oxide. Accordingly, it is 

so hypothesized that the presence of the solid solution phase of the present invention indicates a tendency to resist further 
division between the two phases. It is believed that the presence of the solid solution phase correlates with improved 
stability and activity under hydrocarbon processing conditions. 

[0048] The divalent metal oxide phase can be selected from the Group HA and Group IIB elements. Preferably the 
divalent metal Is selected from the group consisting of magnesium, calcium, zinc, strontium, and barium, more prefer- 
ss ably from the group consisting of magnesium, calcium and zinc, ft is especially preferred that the divalent metal oxide 
phase be composed essentially of magnesium oxide. 

[0049] The spinel phase is constituted by elements in crystalline spinel form, although the spinel may be present as 
microcrystallites too small to be detected by conventional x-ray diffraction analyses. The spinel structure is based on 
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a cubic close packed array of oxide ions. Typically, the crystalline unit cell of the spinel structure contains 32 oxygen 
atoms. With regard to magnesium aluminum oxide spinel, there are 8 magnesium atoms and 16 aluminum atoms In 
each unit cell, corresponding to the formula MgAl204. 

[0050] If oxide crystals of the trivalent metal described above are present, such as crystals of cerium oxide or lan- 
5 thanum oxide, the trivalent metal oxide crystals each must be substantially in the form of microcrystallites having a 
greatest linear dimension in the range of 0.1 to 30 nanometers, preferably 1 to 20 nanometers. It is especially preferred 
that the trivalent metal be predominantly situated in relatively homogeneous microciystallites of the present invention 
coexisting with solid solution microcrystallites and spinel microcrystallites. 

[0051] It is hypothesized that the presence of the trivalent metal oxide phase with the other microcrystallites ot the 
10 present Invention provides a desirable degree of dispersion for the trivalent metal atoms and also tends to protect 
trivalent metal oxides from attrition. Cerium oxide crystals standing alone, for example, have a tendency to disintegrate 
under the stresses of fluidized bed processing. 

[0052] In another aspect, the invention is a process for noanufacturing a composition suitable for use as a sulfur 
dioxide absorbent. A mixture is produced by blending water with about two parts by moles of a salt of a divalent metal 

IS selected from the group consisting of magnesium, calcium, zinc, strontium, and barium; preferably magnesium. Addi- 
tionally, about one part by moles of the combined sum of an aluminum salt and a salt of a trivalent metal selected from 
the group consisting of cerium, lanthanum, iron, chromium, vanadium and cobalt is blended into the mixture. The sum 
is calculated by adding the molar amount of the aluminium salt to the molar amount of the trivalent metal salt and 
dividing the total by one-half of the molar amount of the divalent metal salt. Also blended in the mixture is 0.01 to less 

20 than 2 molar parts of a metalate salt. The metalate salt of the present invention contains an anion which is a vanadate, 
a tungstenate or a molybdenate. Herein, salt is intended to mean a cation and an anion joined in an ionic bond. For 
convenience, we referto solutions containing dissolved salts as salt solutions even though the ionic bonds have become 
dissociated. 

[0053] In a preferred aspect, the process also includes blending into the mixture an appropriate amount of an alkalinity 
25 control agent to stabilize the anions in an aqueous, disassociated metalate form selected from the group consisting of 
monometalate, dimetalate, trimetalate, and tetrametalate anions. In an especially preferred aspect, the anions are 
monometalates which each contain exactly one metal atom. For example, HVO4 2. and VO^^ represent anions 
which each contain exactly one metal atom. Allowance must often be made for losses of the alkalinity agent to precip- 
itation. Stabilization of the metalate anion typically takes place in a liquid phase portion of the blended mixture. 
30 [0054] For the present purposes, blending is understood to include methods wherein all of the described ingredients 
are blended simultaneously, and also to include methods wherein two or more of the ingredients are blended with each 
other and then blended with other ingredients. At each successive combinatfon of ingredients, care must be taken to 
provide concentrations and alkalinities which tend to precipitate desired divalent metals and trivalent metals, as de- 
scribed above. The alkalinity of the mixture can also determine which forms of the anions are stabilized in solutfon and 
3S ultimately become components of the precipitates. It is often convenient to delay additbn of the metallate anions until 
after a precipitate has formed and has been subjected to recovery and calcining. 

[0055] The final choice of blending amounts and conditions is guided by the knowledge of previous practitioners in 
the art. For example. U.S. Patent No. 5,246,899 and allowed U.S. patent application Serial No. 08/093,768. which are 
herein incorporated in their entirety, contain useful teaching regarding pH-dependent anions and intercalating agents. 
40 Additronally. pages 1 81 through 1 82 of "The Early Transition Metals," by D.L. Kepert. Academic Press (New York) are 
recommended for inforrratlon on stabilizing vanadate ions in solution. 

[0056] In an especially preferred aspect of the process, the metalate salt contains a vanadate and is blended in an 
amount sufficient to produce a concentration of the vanadate in a liquid phase of the mixture which is in the range of 
0.01 to 1 molar. Additionally, sufficient alkalinity control agent resides in the liquid phase of the mixture to produce an 
45 alkalinity in the range of 6 to 1 4 pH. The range of 6 to 8 pH is appropriate for VOg'-. The range of 9 to 1 3 pH Is appropriate 
for HVO42-. The range of 13 to 14 is appropriate for ^04^'. 

[0057] In this especially preferred aspect of the process, It is contemplated that 50 percent or more of the vanadate 
ions dissolved In the liquid portion of the mixture are in a monometalate vanadate form, such as HVO42- , VO43- or 
VOa""-. Because the metavanadate anion (VOg^-) and the orthovanadate anton {V04^) are stabilized at conditions 

so which are inconsistent with the precipitation of many divalent metal hydroxides and trivalent metal hydroxides, it is 
often convenient to blend solutions containing these anions with the product of the recoveiy and the first calcination 
described above. Preferably, the product is calcined again after being exposed to the metalate salt solution. 
[0058] The heated mixture is permitted to stand for at least 1 hour, preferably at a temperature in the range of 50* 
to 100'C, more preferably TS" to 100"C. Higher temperatures may be utilized provided that commensurately higher 

55 pressures exist to maintain at least a portion of the mixture in the liquid phase. An anionic layered mixed hydroxide, 
as described above, is recovered as a solid from the mixture. Appropriate recovery techniques include but are not 
limited to filtration, evaporation, fractional crystallization and spray drying. 

[0059] The recovered layered mixed hydroxide Is calcined for not less than 1 hour at a temperature of 450" C or 
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hotter Preferably the temperature is in the range of 450* to 1000', more preferably 450* to 850*C. Herein, calcining 
refers to the heating of a solid in the presence of a gas, preferably a flowing gas. The gas may be air or, alternatively, 
a relatively inert gas, such as nitrogen, helium, or carbon dioxide. The recovered material may be calcined more than 
once; preferably before and after one or more exposures to a metalate salt solution as described above. The final 

5 calcining produces a dehydrated and collapsed composition suitable for use as a sulfur oxide absorbent. 

[0060] The collapsed composition is dehydrated in the sense that it contains essentially no associated water mole- 
cules. Additionally, the sheets containing metal cations coordinated with hydroxide anions, as described above, are at 
least partially dismpted by the calcining and are in a condition conveniently termed ■collapsed." Rather than having 
sheets of 400 nanometers or more in length as are typical of the layered mixed hydroxides, the colJapsed composition 

JO is substantially composed of microcrystailrtes, each having a greatest linear dimension in the range of 0.1 to 30 na- 
nometers. It is hypothesized that the microcrystallites are disintegrated and jumbled remnants of the layered mixed 
hydroxides which are believed to have at least partially collapsed when subjected to the calcining. Repeated calcination 
steps interspersed by contact with aqueous solutions are believed to repeatedly disrupt and reform the layered sheets 
so as to produce a final collapsed product having an excellent degree of microcrystallite dispersion. 

IS [0061] In any event, the microcrystallites of the invention are relatively small and well dispersed so as to be accessible 
to reactants such as sulfur oxides. A substantial portion of the microcrystallites are constituted by a solid solution phase 
having aluminum oxide dispersed in a divalent metal monoxide. Another portfon is constituted by a spinel phase. The 
phases contain lattice planes discernible by high resolution electron microscopy 

[0062] In yet another aspect the Invention is a process tor manufacturing a composition suitable for use as a sulfur 
20 oxide absorbent which comprises calcining a layered mixed hydroxide of the formula: 

2x 2-n n \ /4x44 \ / - \ / — 
25 V q 



[0063] M2+ is a divalent metal selected from the group consisting of magnesium, calcium, zinc, barium, and strontium. 
Divalent metals selected from the group consisting of magnesium, calcium, and zinc are preferable because in practice 
30 they more readily form sheets of metal cations coordinated with hydroxide anions, as described above. Magnesium is 
especially preferred as the divalent metal. 

[0054] X is 1 . 1 to 3.5, preferably 1 .5 to 3.5; n Is 0.01 to 0.4, preferably 0.1 to 0.3. The trivalent metal. M^-^, is selected 
from the group consisting of cerium, lanthanum, iron, chromium, vanadium and cobalt, preferably the trivalent metal 

Is cerium, lanthanum or iron. 

35 [0055] J is a monomeric anion selected from the group consisting of Vpg, HVO4, VO4, V2O7, HVgOy, VgOg, V4O12. 
WO4. and M0O4; V is the net ionic charge associated with J; and k is 0.01 to less than 2. 

[0066] A is CO3, OH. SO3, SO4, CI, or NO3; q is the net ionic charge associated with A; and m is a positive number. 
[0067] The calcining is perfomned for one hour or more at a temperature of at least 450°C, preferably a temperature 
in the range of 450* to 1000", and more preferably a temperature in the range of 450" to 850*C. The calcining may 

40 be performed repeatedly, in two or more operations preferably interspersed by contacting with an aqueous metalate 
salt solution. The final calcining produces a dehydrated and collapsed composition, as described above. 
[0068] In still another aspect, the invention Is a process for separating sulfur oxides from a gas containing sulfur 
oxides which comprises absorbing sulfur oxides by exposing a gaseous mixture containing sulfur oxides to a dehydrated 
and collapsed composition, as described above. Herein the term 'absorbing" is understood to include absorption, 

45 adsorption, imbibition, and chemisorptlon. The sulfur oxides include sulfur dioxide and sulfur trioxide. The absorbing 
causes the sulfur oxide to become associated with and remain in close proximity to the collapsed composition. It is not 
entirely clear whether the sulfur oxides are associated In the form of sulfur trioxide molecules, an anion containing 
sulfur and oxide, or some other chemical species. 

[0059] The gaseous mixture from which sulfur oxides are removed need not contain molecular oxygen, but in a 
so preferred aspect of the invention desirably contains an amount of molecular oxygen which is in excess of the stoicho- 
metric amount required to convert any sulfur dioxide present to sulfur trioxide. The excess of molecular oxygen need 
not be large, but the ability of the absorbent of this invention to absorb sulfur dioxide is improved as the amount of 
excess molecular oxygen increases. Although the reason for this effect by molecular oxygen is uncertain, it is believed 
that increased concentrations of oxygen promote the conversion of sulfur dioxide to sulfur trioxide and assist in reju- 
55 venating an oxidation function of the adsorbent. It is also believed that this sulfur trioxide is more easily absorbed by 
the absorijent than is the sulfur dioxide. The molecular oxygen can either be inherently present in the sulfur oxide 
containing gaseous mixture or can be added. The absorption of sulfur oxides is desirably carried out at a temperature 
below 900**C, preferably at a temperature of 100" to 900'C and most preferably at a temperature of 300" to B0O°C. 
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[0070] The suKur oxides are desorbed by contacting the collapsed composition with a hydrocarbon in the presence 
of a cracking catalyst at an elevated temperature. The temperature is desirably 375° to 900''C, preferably 430" to 
700*C, and most preferably 450° to 650°C. Any hydrocarbon can be used to remove the absorbed sulfur oxides from 
the absorbent of this invention so long as it can be cracked by the cracking catalyst at the temperatures employed. 
5 Suitable hydrocarbons include, but are not limited to methane, natural gas, natural gas liquids, naphtha, light gas oils, 
heavy gas oils, wide-cut gas oils, vacuum gas oils, decanted oils, and reduced crude oils as well as hydrocarbon 
fractions derived from shale oils, coal liquefaction and the like; such hydrocarbons can be employed either singly or 
In any desired combination. Additionally, the sulfur oxides can be desorbed by contact with a reducing gas such as 
hydrogen. 

10 [0071] Although the invention disclosed herein is not to be so limited, it is hypothesized that a chemical reaction 
occurs between the collapsed composition and the sulfur oxides which results in the formatksn of non-volatile inorganic 
sulfur compounds, such as sulfrtes and sulfates, at relatively high temperatures. These sutfftes and sulfates can undergo 
partial decomposition to liberate the original sulfur oxides and collapsed composition. As a consequence of this reversal 
of the sulfur oxide absorption at high temperature, the absorption of sulfur oxides is desirably effected at a temperature 

IS below 900°C and preferably below 800*C. 

[0072] The precise mechanism by which absorbed sulfur oxides are removed from the collapsed composition is 
unknown, but it is believed that the combination of hydrocarbons and hydrocarbon cracking catalyst and elevated 
temperatures produces a reducing environment which effects a conversion of absorbed sulfur oxides to hydrogen 
sulfide while simultaneously reactivating the collapsed composition for further absorption of sulfur oxkies. The removal 

20 of absorbed sulfur oxides from the collapsed composition is generally improved by contacting the collapsed composition 
with added steam either simultaneously with or subsequent to treatment with a hydrocarbon in the presence of a 
cracking catalyst. 

[0073] The hydrogen sulfide which is produced during the removal of absorbed sulfur oxides from the collapsed 
composition can be converted to elemental sulfur by any of the conventional techniques which are well-known to the 
25 art as, for example, in a Claus Unit Cracked hydrocarbon products which are produced during removal of absorbed 
sulfur oxides can be recycled for further use in removing absorbed sulfur oxides. 

[0074] It is highly preferable that the process for separating sulfur oxides further comprise exposing a layered mixed 
hydroxide of the formula: 

30 

V q 

35 where M2+ is a divalent metal selected from the group consisting of magnesium, calcium, and zinc; 

x is 1.1 to 3.5; 
n is 0.01 to 0.4; 

M'^ is a trivalent metal selected from the group consisting of cerium, iron, chromium, vanadium and cobalt; 
40 J is VO3, HVO4, V2O7, HV2O7. V3O9. V4O12, VO4, WO4 or M0O4; 

v is the net ionic charge associated with J; 
k is 0.01 to less than 2; 

A is selected from the group consisting of CO3, OH, SO3, SO4, CI, NO3; 
q is the net bnic charge associated with A; and 
45 m is a positive number, 

to the gaseous mixture containing sulfur oxides at a temperature in the range of 450° to 1 000°C to produce the collapsed 
composition described above. 

[0075] Suitable cracking catalyst for use in the practice of this invention includes all high activity solid catalysts which 
so are stable under the required conditions. Suitable catalysts include those of the amorphous silica-alumina type, having 
an alumina content of 10 to 30 weight percent. Catalysts of the silica magnesia type are also suitable which have a 

magnesia content of 20 weight percent. Preferred catalysts Include those of the zeolite-type which comprise from 0.5 
to 50 weight percent and preferably 1 to 30 weight percent of a crystalline alumina silicate compound distributed through 
a porous matrix. Zeolite-type cracking catalysts are preferred because of their thermal stability and high catalytic activity. 
55 [0076] The crystalline alumina silicate or zeolite component of the zeolite-type cracking catalyst can be of any type 
or combinatbn of types, natural or synthetic, which is known to be useful in catalyzing the cracking of hydrocarbons. 
Suitable zeolites include both naturally occurring and synthetic alumina silicate materials such as faujasite. chabazite, 
mordenite, Zeolite X, Zeolite Y, and ultra-stable targe pore zeolites. The zeolite-type cracking catalyst may be dispersed 
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within a porous refractory material, natural or synthetic, which can be, for example, silica, alumina magnesia, bona. 

kiesetguhr, diatomaceous earth, and mullite. 

[0077] In the practice of this invention, the collapsed composition can be incorporated into or deposited onto a suitable 
support. Suitable supports include, but are not limited to, amorphous cracking catalyst, zeolite-type cracking catalyst, 

5 silica, alumina, mixtures of silica and alumina, magnesia, mixtures of silica and magnesia, kieselguhr, kaolin, and 
diatomaceous earth. Preferably the support is porous and has a surface area including the area of the pores open to 
the surface of at least 10. preferably at least 50, and most preferably 100 square meters per gram. 
[0078] A highly preferred aspect of this invention comprises its use to reduce sulfur oxide emissions from catalyst 
regeneration in a cyclic, fluidized, catalytic cracking process. In this embodiment, a fluldizable particulate solid which 

10 comprises a dehydrated and collapsed composition is circulated through the fluidized catalytic cracking process in 
association with a particulate cracking catalyst. The collapsed composition is of the formula: 

^Im A'a-p Oy^rs 

IS 

[0079] The collapsed composition is substantially composed of microcrystallites of 0. 1 to 30 nanometers. One portion 
of the microcrystallites are constituted by a solid solution phase having alumina oxide dispersed in a divalent metal 
monoxide crystal structure. Another portion of the microcrystallites is constituted by a spinel phase. Additionally, mi- 
crocrystallites constituted by a trivalent metal oxide phase may be present. The phases are discernible by high reso- 

20 lution electron microscopy. 

[0080] A feedstock Is mixed with a particulate crBcking catalyst in a reaction zone at a temperature in the range of 
430'*C to 730° C to produce cracked hydrocarbons. The contact with the cracking catalyst is preferably effected in one 
or more fluidized transfer line reactors at cracking temperature and at a fluidizing velocity which limits the cracking 
time to not more than 1 0 seconds. Reaction zone effluent, comprises hydrocarbon vapors both cracked and uncracked, 

25 cracking catalyst and a carbonaceous material referred to as coke which contains sulfur, relatively volatile carbona- 
ceous components and relatively less volatile carbonaceous components. A significant proportion of the coke adheres 
to the cracking catalyst. 

[0081] The carbonaceous components of coke comprise highly condensed aromatic hydrocarbons which generally 
contain a minor amount of hydrogen, generally from 4 to 10 weight percent of hydrogen. When the hydrocarbon feed- 
so stock contains organic sulfur compounds, the coke also contains sulfur. As the coke builds up on the cracking catalyst, 
the activity of the catalyst for cracking and the selectivity of the cracking catalyst diminishes. The catalyst can, however; 
recover a major portion of its original capabilities by a suitable regeneration process. 

[0082] Hydrocarbon vapors are separated from the cracking catalyst, and the cracking catalyst is stripped of volatile 
deposits before regeneration. The stripping zone can be suhably maintained at a temperature in the range of 430^C 

35 to 700'C. preferably 450' to 650"C and most preferably from 765'* to 595*C. The preferred stripping gas is steam 
although inert gases, such as nitrogen or flue gases, or mixtures of steam with Inert gases can also be used. 
[0083] Stripped and partially deactivated cracking catalyst is regenerated by burning the coke deposits from the 
catalyst surface with a molecular oxygen containing regeneration gas, such as air, in a regeneration zone. This burning 
results in the formation of combustion products such as sulfur oxides, carbon monoxide, carbon dioxide and steam. 

40 The oxygen containing regeneration gas can contain relatively inert gases such as nitrogen, steam, carbon dioxide, 
recycled regeneration zone effluent and the like. The molecular oxygen concentration of the regeneratkxi gas is ordi- 
narily from 2 to 30 volume percent and preferably from 5 to 25 volume percent Since air is conveniently employed as 
a source of molecular oxygen, a major portion of the inert gas can be nitrogen. The regeneration zone temperatures 
are ordinarily in the range of 565* to 790*, and are preferably in the range of 620" to 735". 

45 [0084] The cracking catalyst is then returned to the reaction zone. The process also comprises removing the ab- 
sorbed sulfur oxides from the particulate solid by exposing the particulate solid to the hydrocarbon feedstocks in the 
reactbn zone. This is conveniently accomplished by recirculating the particulate solid to the reaction zone abng with 
the regenerated cracking catalyst. 

[0085] During the catalytic cracking of the hydrocarbon feedstock in the reactbn zone absorbed sulfur oxides are 
so substantially released from the particulate solid as sulfur containing gas comprising hydrogen sulfide. Similarly, sub- 
sequent steam stripping serves not only to remove the volatile coke components from the cracking catalyst, but also 
serves to complete the removal of any residual absorbed sulfur oxides from the particulate solid and complete the 
reactivation of the collapsed composition for further absorption of sulfur oxides in the regeneration zone. The resulting 
hydrogen sulfide is recovered together with other products from the reaction zone, and stripping zones and can be 
55 converted to elemental sulfur in facilities which are conventionally associated with a fluidized catalytic cracking unit. 
[0068] The foltowing Examples are not intended to limit the scope of the invention in any manner but rather, are 
presented in order to better communicate certain aspects of the invention. 
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Example 1: Preparation of a Layered Mixed Hydroxide 

[0087] One liter of deionlzed water, 1 5.90 grams (0. 1 5 mot) of sodium carbonate, and 4S.0 grams (1 .2 mol) of sodium 
hydroxide were charged to a flask equipped with a mechanical stirrer and a water-cooled reflux condenser One liter 

5 of deionized water. 102.56 grams (0.4 mol) of MgCNOg) 2.6H2O, 67.38 grams (0.1796 mol) of AKNOg) aSHgO, and 
8.B6 grams (0.0204) of Ce(N03) 3.6H2O were blended and added dropwise to the flask with continuous stirring over 
a period of about one hour. The result was a gelatinous mixture of 10.74 pH which was heated under reflux while being 
swept with a nitrogen purge for about 15 hours at 85°C. The mixture was subsequently cooled, filtered, washed re- 
peatedly with deionized water, and dried overnight under vacuum at 70". The dried material was designated Sample A. 

10 [0088] Sample A was analyzed by conventional x-ray diffraction techniques which produced the trace presented in 
Fig. 1 . The trace includes peaks characteristic of a hydrotalcfte structure having a d(001 ) value of 7,62 Angstrom units. 
Additionally. Sample A was analyzed for metals by inductively coupled plasma techniques and the metals were reported 
as 20.6 percent magnesium, 12.0 percent aluminum, 6.1 cerium, and 450 ppm sodium. The reported metals correspond 
to a hydrotalcite clay having the formula: 

IS 

Mg4Al2.099Ce0.205(OH)i2.912CO3M H2O 

Example 2; Calcination ot a Layered Mixed Hydroxide at 450° 

20 

[0089] A portion of the dried material produced by the procedure described in Example 1 above was heated in air 
at a rate of about 20^0 per minute until a temperature of 450*0 was achieved. The material was held at 450"* for 15 
hours and then cooled. The nnaterial calcined at 450* was designated Sample B. 

2S Example 3: Calcination of a Layered Mixed Hydroxide at 850° 

[0090] A portbn of the dried material produced by the procedure described in Example 1 above was heated in air 
at a rate of about 20°C per minute until a temperature of 850° was achieved. The material was held at 850° for 15 
hours and then cooled. The material calcined at 850° was designated Sample C. 

30 

Example 4: Vanadation of 450° Calcined Material 

[0091] A solution was prepared by blending 0.23 grams of NH4VO3 with 6.22 grams of deionized water. The propor- 
tions of the solution had been carefully chosen to provide a pH in the range of 6 to 8 in order to stabilize metavanadate 
35 ions (VOgi'). The solution was thoroughly mixed with 4.82 grams of Sample B which was described in Example 2 
above. The resulting mixtures was dried under vacuum at 70° C overnight and then calcined at 450° to produce a 
vanadated material designated Sample D. Based on the proportions of reactants. it is estimated that the theoretical 
formula of Sample D is approximately: 

'^94'^'l ,796^^0.204^0.074^7.1 B5 

[0092] Subsequent analyses of Sample D were reported as B.E.T. surtace area of 1 92 m^/g, average pore radius of 
81 Angstrom units, micropore area of 50 m^/g. and micropore volume of 0.023 cc/g. 

45 

Example 5: Vanadation of 850° Calcined Material 

[0093] The procedure of Example 4 was performed again except that Sample C described in Example 3 above was 
vanadated and calcined. The resulting material was designated Sample E. The estimated theoretical formula for Sample 

50 E is identical to the formula presented above for Sample D. 

[0094] Subsequent analyses indicated that Sample E had a B.E.T. surface area of 11 9 m^/g, an average pore radius 
of 91 Angstrom units, a micropore area of 6 mVg, and a micropore volume of 0.003 cc/g. High resolution electron 
photomicrogaphy of Sample D. supported by scanning electron microscope analyses, indicated that a significant trac- 
tion of the microcrystallites present were composed of a solid solutbn phase having aluminum oxide dispersed in a 

55 magnesium oxide crystal lattice. 
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Example 6: Reactant Limited Vanadation 

[0095] A relatively dilute vanadate solution was prepared by blending 0. 11 grams ot NH4VO3 with 4.0 liters of de ion- 
ized water. The proportions of the solution had been chosen to provide a pH in the range which stabilizes the meta- 
s vanadate form of the anion. The dilute solution was thoroughly mixed with 4.82 grams of Sample B which was described 
in Example 2 above. The resulting mixture was filtered, then dried under vacuum at 70^C overnight and calcined at 
450° to produce a partially vanadated nnaterial. 

[0096] Based on the proportions of reactants, it is estimated that the theoretical formula of the partially vanadated 
material is approximately: 

10 

'^94^'l .796^®0.204^0.035^7.0BB 

Example 7: Performance Testing of Sample D 

IS 

[0097] A portion of Sample D which was described in Example 4 above was subjected to thermal gravimetric analysis 
during sequential periods of exposure to an oxidizing gas mixture including 5000 ppm sulfur dioxide, 2 percent oxygen 
and balance helium and to a reducing gas mixture including 50 percent hydrogen and balance helium. The temperature 
of the oxidizing gas was about 735" C, while the temperature of the reducing gas was about 640*0. Each exposure 

20 was preceded by a period of helium purge at the corresponding temperature, 

[0098] The sample, which weighed 19.7363 milligrams at the outset, exhibited a relative weight increase of 84.6 
percent during ninety minutes of exposure to the oxidizing gas mixture An almost immediate relative weight decrease 
of B7.3 percent was observed on exposure to the reducing gas mixture. Figure 2 depicts the relationship of relative 
sample weight, expressed as a percentage of the weight at the outset, to elapsed time in minutes for one oxidizing 

zs and reducing cycle of the thermal gravimetric analysis for Sample D. 

Example 8: Performance Testing of Sample E 

[0099] The procedure of Example 7 above was repeated with a portion of Sample E which was described in Example 
30 5 above. The sample weighed 20.8923 milligranns at the outset. The sample increased in relative weight by 83.3 percent 
while exposed to the oxidizing gas mbcture, and decreased in relative weight by 64. 1 percent weight during the expos ure 
to the reducing gas. based on the weight at the outset Figure 3 shows the relationship of relative sample weight, 
expressed as a percentage of the weight at the outset, to elapsed time in minutes for one oxidizing and reducing cycle 
of the thermal gravimetric analysis for Sample E. 
35 [01 00] Some of the Sample E material subjected to thermal gravimetric analysis was also tested for thermal gravi- 
metric performance during a second oxidizing and reducing cycle and a third oxidizing and reducing cycle. The sample 
weight at the outset of the second cycle was 16.8988 milligrams, with the third cycle following immediately after the 
second. Relative sample weight as of a function of elapsed time as well as a temperature trace for the second and 
third cycles of Sample E is presented graphically in Fig. 4. 

40 

Example 9: Performance Testing of a Spinel Absorbent 

[0101] A widely used sulfur oxide absorbent based on a spinel composition was commercially obtained and desig- 
nated Sample F for the purpose of performing a control experiment. Sample F is not of the present invention. However, 
45 Sample F was subjected to one oxidizing and reducing cycle of the perfomnance test described in Example 7 and 
Example 8 above. Sample F exhibited a 47.0 percent increase in relative weight over a period of 90 minutes exposure 
to the oxidizing gas containing sulfur dioxide. Exposure to the reducing gas containing hydrogen caused an almost 
immediate relative weight decrease of 50.3 percent. 

[01 02] The results of performance testing produced in Example 7, Example 8 and Example 9 are presented in Table 
,so I, below. 



TABLE 1 



Absorbent Sample 


Cycle 


Relative Weight Increase 


Time mins. 


Relative Weight Decrease 


Time mins. 






(percent) 




(percent) 




D 


1 


84.6 


90 


873 


rapid 


E 


1 


83.3 


90 


84.1 


rapid 
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TABLE I (continued) 



Absorbent Sample 


Cycle 


Relative Weight Increase 
(percent) 


Time mins. 


Relative Weight Decrease 
(percent) 


Time mins. 




2 


76.2 


90 


77.4 


rapid 




3 


78.3 


90 


not studied 




F 


1 


47.0 


90 


60.3 


rapid 



[0103] Inspection of Table I reveals that the absorbents prepared according to the present invention, Sample D and 
Sample E, demonstrated a significantly larger capacity for sulfur dioxide absorption than did the control sample, Sample 
F. Additionally, Sample E of the present invention continued to absorb more sulfur dioxide on its second and third 
oxidizing cycles than did control Sample F on its initial oxidizing cycle. The results are especially surprising because 
Sample F is a commercially obtained absorbent which is representative of widely accepted and currently utilized ab- 
sorbent technology. 

[0104] For the purposes of the present specification, 'predominantly' is defined as nnostly or more often than not. In 
quantative terms, predominantly denotes 50 percent or more. "Substantially" is defined as being present In significant 
proportions or having sufficient frequency so as to measurably affect macroscopic qualities of an associated compound 

or system. Where the amount required for such significant and measurable impact is not clear, substantially is synon- 
ymous with 20 percent or more. "Essentially" is defined as absolutely but allowing for some small variations which 
have a negligible effect on macroscopic qualities and final outcome, \feriations of about one percent can often exist 
without any detectable change in essential qualities. 



Claims 

1. A composition which includes microcrystallites collectively of the formula: 

Where M^-^ is a divalent metal selected from the group consisting of magnesium, calcium, zinc, barium and 
strontium; 

m is 1.1 to 3.5; 

M3+ is a trivalent metal selected from the group consisting of cerium, lanthanum, iron, chromium, vanadium, 
and cobalt; 
p is 0.01 to 0.4; 

T is vanadium, tungsten or molybdenum, with the proviso that T and M^* cannot both be vanadium when M2+ 
is magnesium 

r is 0.01 to 0.2; s is 2.5 when T is vanadium or 3 when T is tungsten or molybdenum; 

wherein the microcrystallites are substantially composed of solid solution microcrystallites having aluminum oxide 
dispersed in a monoxide of the divalent metal and of spinel phase microcrystallites. each of the microcrystallites 
having a greatest linear dimension in the range of 0.1 to 30 nanometers. 

2. The composition according to claim 1 wherein the microcrystallites are additionally composed of trivalent metal 
oxide phase microcrystallites. 

3. The composition according to Claim 1 or Claim 2 wherein the spinel phase microcrystallites are essentially of the 
formula: 

MgAlaO^ 

4. A process for manufacturing a composition according to any one of Claims 1 to 3 which includes: 

blending water, about two molar parts of a salt of a divalent metal selected from the group consisting of mag- 
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nesium, calcium, zinc, strontium and barium, and about one molar part in sum of an aluminum salt and a salt 
of a trivalent metal selected from the group consisting of cerium, lanthanum, iron, chromium, vanadium, and 
cobalt to produce a mixture; 

heating the mixture to a temperature in the range of 50' C to lOCC for at least one hour; 

recovering from the mixture an anionic layered mixed hydroxide having relatively small anions selected from 

the group consisting of CO3, OH, SO3, SO4, CI and NO3; 

calcining the recovered layered mixed hydroxide for not less than one hour at a temperature in the range of 
450'C to lOOO^C, to produce a dehydrated n^terial which Is essentially devoid of the relatively small anions; 
mixing the dehydrated material with an aqueous solution Including 0.01 to less than two molar parts of a 
metalate salt containing vanadate, tungstenate, or molybdate anbns to produce a slurry, the solution also 
including an amount of an alkalinity control agent appropriate to stabilize the anions in monometalate, dime- 
telate, trimetalate or tetrametalata form; and 

recovering solids from the slurry and calcining the solids to produce an at least partially collapsed composition 
suitable for use as a sulfur oxide absorbent 

The process according to Claim 4 wherein the metalate salt is blended in an amount sufficient to produce a con- 
centration of the anion in the liquid portion of the slurry which is in the range of about 0.01 to 1 molar and wherein 
the anion is a vanadate. 

The process according to Claim 4 or Claim 5 wherein the divalent metal is magnesium and the trivalent metal is 

cerium. 

The process according to any one of Claims 4 to 6 wherein the microcrystallltes are additionally composed of 
trivalent metal oxide phase microcrystallltes. 

A process tor manufacturing a composition according to any one of Claims 1 to 3 which includes: 

blending water, about two molar parts of a salt of a divalent metal selected from the group consisting of mag- 
nesium, calcium, zinc, strontium and barium, about one molar part in sum of an aluminum salt and a salt of a 
trivalent metal selected from the group consisting of cerium, lanthanum, iron, chromium, vanadium, and cobalt, 
0.01 to less than two molar parts of a metalate salt containing vanadate, tungstenate, or molybdate anions, 
and an amount of an alkalinity control agent appropriate to stabilize the anions in monometalate, dimetelate, 
trimetalate or tetrametalata form to produce a mixture; 

heating the mixture to a temperature in the range of 50* to lOO^C for at least one hour; 
recovering from the mixture an anionic layered mixed hydroxide; and 

calcining the recovered layered mixed hydroxide for not less than one hour at a temperature in the range of 
450''C to lOOO^'C, to produce an at least panialiy collapsed composition suitable for use as a sulfur oxide 
absorbent. 

The process according to Claim 8 wherein the recovered layered mixed hydroxide is of the formula: 

where M^-*^ is a divalent metal selected from the group consisting of magnesium, calcium, zinc, barium, and 

strontium; 

m is 1.1 to 3.5; 

is a trivalent metal selected from the group consisting of cerium, lanthanum, iron, chromium, vanadium, 
and cobalt; 
p is 0.01 to 0.4; 

J is VO3, HVO4, VO4. V2O7. HV2O7. V3O9. V4O12. WO4, or M0O4; 

V is the net ionic charge associated with J; 

k is 0.01 to less than 2; 

A is CO3, OH, SO3, SO4. CI. or NO3; 

q is the net tonic charge associated with A; and; 

x is a positive number. 
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10. The process according to Claim 9 wherein the microcrystallttes are additionally composed of trivalent metal oxide 
phase microcryslallites. 

11. The process according to Claim 9 or Claim 10 wherein the monoxide is magnesium oxide. 

5 

12. The process according to any one of Claims of Claim 9 to Claim 11 wherein A is carbonate. 

13. A process for separating sulfur oxides from a gaseous mixture containing sulfur oxides, which includes absorbing 
sulfur oxides by exposing a gaseous mixture containing sulfur oxides with dehydrated and at least partially col- 

10 lapsed composition according to any one of Claims 1 to 3 

1 4. The process according to Claim 1 3 which further includes desorbing the sulfur oxides by contacting the dehydrated 
and at least partially collapsed composition with a hydrocarbon in the presence of a craclcing catalyst. 

IS 15. The process according to Claim 1 3 or Claim 1 4 which further includes exposing a layered mixed hydroxide to the 
gaseous mixture containing sulfur oxides at a temperature in the range of 450°C to 1000''C to produce the dehy- 
drated and at least partially collapsed composition. 

16. The process according to any one of Claims 13 to 15 wherein the desorbing produces sulfur compounds which 
20 include hydrogen sulfide. 

17. A process for the cyclic, fluidized catalytic-cracking of a hydrocarbon feedstock containing organic sulfur com* 
pounds wherein: 

zs (i) the feedstock is mixed with a particulate cracking catalyst in a reaction zone at a temperature in the range 

of 430*'C to 730^C to produce cracked hydrocarbons and a coke containing sulfur, relatively volatile compo- 
nents, and relatively less volatile components; 

(ii) the cracking catalyst is separated from the cracked hydrocarbons and passed to a stripping zone where 
the catalyst is exposed to a stripping gas stream at a temperature In the range of 430*C to 730'C to substantially 

30 elutriate the volatile components from the cracking catalyst; 

(iii) the cracking catalyst is passed to a catalyst regeneration zone where sulfur and the relatively less volatile 
components are substantially eradicated from the cracking catalysts by burning In the presence of an oxkSizing 
gas at a temperature in the range of seS'^C to 790''C to produce an effluent gas stream including carbon oxides 
and sulfur oxides; and 

35 (iv) the cracking catalyst Is returned to the reactbn zone; 

wherein the total amount of sulfur oxides in the effluent gas stream of the regeneration zone are reduced by the 
method which includes absorbing at least a portion of the sulfur oxides in the regeneration zone with a fluidizable 
particulate solid which includes a dehydrated and at least partially collapsed composition according to any one of 
40 Claims 1 to 3. 

18. The process according to Claim 17 whk:h further includes rennoving the absorbed sulfur oxides from the particulate 
solid by exposing the particulate solid to the hydrocarbon feedstocks in the reaction zone. 

<s 19. The process according to Claim 17 or Claim 18 which further includes contacting an anionic layered mixed hy- 
droxide composition with the oxidizing gas in the regeneration zone to produce the dehydrated and at least partially 
collapsed composition. 



so Patentanspruche 

1. Eine Zusammensetzung. die Mikrokrlstallite der folgenden zusammenfassenden Formel umfaBt: 

55 ^zf^^Z^p '^r ^7^ 

in der M^**^ ein zweiwertiges Metall aus der Gaippe: Magnesium, Kalzium, Zink, Barium und Strontium; 
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m 1,1 bis 3,5; 

M^^ ein drerwertiges Metall aus der Gruppe: Car. Lanthan, Eisen, Chrom, Vanadin und Kobaft; 
p 0,01 bis 0,4; 

T Vanadium, Wolfram oder Molybdan unterder Bedingung, daB T und nicht beide Vanadium sein konnen, 
wenn IVP* Magnesium ist; 

r 0,01 bis 0,2 und s 2,5, wenn T Vanadium ist, oder 3. wenn T Wolfram Oder Molybdan ist, bedeuten, 

wobei die Miltrokristadite im wesentlichen aus Mikrokristailiten von festen Losungen zusammengesetzt sind, die 
Aiuminiumoxid In einem Monoxid des zweiwertigen Metalls dispergiert enthalten, und aus Mikrokristailiten der 
Spinelphase zusammengesetzt sind, wobel jeder Mikrokristallit eine groBte tineare Ausdehnung im Berebh von 
0,1 bis 30 nm besitzt. 

Die Zusammensetzung nach Anspruch 1 , wobei die Mikrokristatlrte zusatzlich aus Mikrokristailiten mit dreiwertigem 
Metalloxid-Piiase zusammengesetzt sind. 

Die Zusammensetzung nach Anspruch 1 oder 2, wobei die Mikrokristallite der Spinelphase im wesentlichen die 
folgende Forme! besHzen: 

MgAl204 

Verfahren zur Herstellung einer Zusammensetzung nach einem der Anspruche 1 bis 3, umfassend; 

man mischt Wasser, etwa zwei molare Teile eines Salzes eines zweiwertigen Metalls aus der Gruppe: Ma- 
gnesium, Kalzium. Zink, Strontium und Barium und insgesamt etwa einen molaren Teil eines Aluminiumsalzes 
und eines Salzes eines zweiwertigen Metalls aus der Gruppe: Cer, Lanthan, Eisen, Chrom, Vanadium und 
Kobalt zur Herstellung eines Gemisches; 

man erhitzt das Gemisch auf eine Temperatur im Bereich von 50'C bis 100*C wenigstens eine Stunde lang; 
man gewinnt aus dem Gemisch ein anionisches geschichtetes gemischtes Hydroxid mit relativ kleinen Anionen 
aus der Gruppe: CO3, OH, SO3, SO4, C! und NO3; 

man kalziniert das gewonnene geschichtete gemischte Hydroxid wenigstens eine Stunde lang bei einer Tem- 
peratur im Bereich von 450^0 bis 1000*^0 zur Erzeugung eines dehydratisierten Materials, das im wesentlichen 
ohne relativ kieine Anionen ist; 

man mischt das dehydratisierte Material mit einer waBrigen Losung, die 0,01 bis wenlger ais 2 molare Teile 
eines Metallat-Salzes, das Vanadat-, Wolframat- oder MolybdatAnionen enthalt, zur Erzeugung einer Auf- 
schlammung, wobei die Losung auch eine Menge eines die Basizitat steuernden Mittels enthalt, die geeignet 
ist, die Anionen in Monometallat-, Dimetallat-, Trimetallat- oder Tetrametallat-Form zu slabilisieren; und 
man gewinnt Feststotfteilchen aus der Aufschlammung und kalziniert die Feststoffteilchen zur Erzeugung von 
einer wenigstens teilweise zusammengesunkenen Zusammensetzung. die zur Verwendung als ein Schwe- 
feloxid-Absorbtionsmittel geeignet ist. 

Verfahren nach Anspruch 4. wobei das Metallatsalz in einer genOgenden Menge gemischt wird um eine Konzen- 
tration des Anions in dem flussigen Anteil der Aufschlammung zu erzeugen, der im Bereich von etwa 0,01 bis 1 
molar liegt und worin das Anion ein X^nadat ist. 

Verfahren nach Anspruch 4 oder 5, wobei das zweiwertige Metall Magnesium und das dreiwertige Metall Cer ist. 

Verfahren nach einem der Anspruche 4 bis 6. wobei die Mikrokristallite zusatzlich aus Mikrokristailiten einer Oxid- 
phase eines dreiwertigen Metalles zusammengesetzt sind. 

Verfahren zur Herstellung einer Zusammensetzung nach einem der Anspruche 1 bis 3, umfassend: 

man mischt Wasser, etwa 2 molare Teile eines Salzes eines zweiwertigen Metalls aus der Gruppe: Magnesium, 
Kalzium, Zink, Strontium und Barium, etwa insgesamt 1 molares Teil eines Aluminiumsalzes und eines Salzes 
eines dreiwertigen Metalls aus der Gruppe: Cer, l.^nthan, Eisen, Chrom, Vanadium und Kobalt, 0,01 bte we- 
niger als 2 molare Teile eines Metallsalzes, das Vanadat-, Wolframat- oder Molybdatanbnen enthalt und eine 
Menge eines die Basiszitat steuernden Mittels, die geeignet ist, die Anionen in Monometallat-. Dimetallat-, 
Trimetallat- oder Tetrametallat-Form zu stabilisieren, zur Erzeugung eines Gemisches; 
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man erhitzt das Gemisch auf eine Temperatur im Bereich von SO'C bis lOO'C wahrend wenigstens einer 
Stunde; 

man gewinnt aus dem Gemisch ein anionisches geschichtetes Hydraxid; und 

man kalziniert das gewonnene geschichtete gemischte Hydroxid wahrend nicht wenigerals einer Stunde bei 
5 einer Temperatur im Bereich von 450' C bis 1 0OO'C zur Erzeugung einer wenigstens teilweise zusammenge- 

sunlcenen Zusammensetzung fur den Gebrauch als Schwefebxid-Absorbtionsmittel. 

9. Verfahren nach Anspruch 8, wobei das gewonnene geschichtet gemischte Hydroxid die folgende Forme! besitzt: 

in der M^-^ ein zweiwertiges Metall aus der Gruppe: Magnesium, Kalzium. Zinlc, Barium und Strontium; 

IS m 1.1 bis 3,5; 

ein dreiwertiges Metall aus der Gruppe: Cer. Lanthan, Eisen, Chrom, \fenadium und Kobalt; 
p 0,01 bis 0,4; 

J VO3. HVO4. VO4, V2O7. HV2O7. V3O9. V4O12. WO4 Oder M0O4; 
V die fonen-Nettoladung von J; 
20 k 0.01 bis weniger als 2; 

A CO3, OH. SO3. SO4. CI, Oder NO3; 
q die lonen-Nettoiadung von A; und; 
X eine positive Zahl bedeuten. 

25 10. Verfahren nach Anspmch 9, wobei die Mikrokristallite zusatziich aus Mikrokristaliiten der Oxidphase von dreiwer- 
tigem Metall zusammengesetzt sind. 

11. Verfahren nach Anspruch 9 Oder 10. wobei das Monoxid Magnesiumoxid ist. 

30 12. Verfahren nach einem der Anspruche 9 bis 11, wobei A Karbonat ist. 

13. Verfahren zur Abtrennung von Schwefeloxiden aus einem Schwefeloxide enthaltenden Gasgemisch, umfassend 
die Absorption von Schwefeloxiden durch Aussetzen eines schwefetoxidhaltigen Gasgemisches einer dehydrali- 
sierten und wenigstens teilweise zusammengesunkenen Zusammensetzung nach einem der Anspruche 1 bis 3. 

35 

14. Verfahren nach Anspruch 13, ferner umfassend die Desorption der SchwefekDxide durch Inkontaktbringen der 
dehydratlsierten und wenigstens teilweise zusammengesunkenen Zusammensetzung mit einem Kohlenwasser- 
stotf in Gegenwart eines Crackkatalysators. 

40 15. Verfahren nach Anspruch 1 3 oder 14, umfassend femer das Aussetzen eines geschichteten gemischten Hydroxids 
der Schwefeloxide enthaltenden Gasmischung bei einer Temperatur im Bereich von 450''C bis 1000*C zur Erzeu- 
gung der dehydratlsierten und wenigstens teilweise zusammengesunkenen Zusammensetzung. 

16. Verfahren nach einem der AnsprOche 13 bis 15. wobei das Desorbieren Schwefelverbindungen erzeugt. die 
<s Schwefelwasserstoff einschlieBen. 

17. Verfahren zum zyklischen fluidisierten katalytischen Cracken eines Kohlenwasserstoff-Einsatzmaterials, das or- 
ganische Schwefelverbindungen enthalt, wobei: 

so (i) das Einsatzmaterial mit einem teilchenformigen Crackkatalysator in einer Reakttonszone bei einer Tennpe- 

ratur im Bereich von 430''C bis ysO^'C gemischt wird zur Erzeugung von gecrackten Kohlenwasserstoffen und 
einem Koksruckstand, der Schwefel, relativfluchtige Komponenten und relativ wenigerfluchtige Komponenten 
enthatt; 

(ii) der Crackkatalysator von den gecrackten Kohlenwasserstoffen getrennt und in eine Stripzone ubergeleitet 
ss wird, wo der Katalysator einem Stripgas bei einer Temperatur im Bereich von 430'*C bis 730*C ausgesetzt 

wird, urn im wesentlichen die fluchtigen Komponenten aus dem Crackkatalysator auszuwaschen. 

(iii) der Crackkatalysator in eine Katalysator-Regenerierungszone geieitet wird, wo Schwefel und die relativ 
weniger flQchtigen Komponenten im wesentlichen aus den Crackkatalysatoren durch Verbrennen in Anwe- 
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senhelt eines oxidierenden Gases bei einer Temperatur im Berefch von 565°C bis 790"C entfemt werden zur 
Erzeugung eines Abgasstroms, der Kohlenoxide und Schweleloxide enthalt; und 
(iv) der Crackkatalysator in die Reaktionszone zuruckgefuiift wird; 

5 wobei die Gesamtmenge an Schwefeloxiden in dem Abgasstrom der Reaktionszone durch das Verfahren reduziert 

wird, das das Absorbieren wenigstens eines Tells der Schwefeloxide in der Reaktionszone mit einem fluidisierbaren 
leilchenformigen Festkorper umfaSt, webher eine dehydratisierte und wenigstens teilweise zusammengesunkene 
Zusammensetzung nach eInem der AnsprOche 1 bis 3 umfaBt. 

10 18. Verfahren nach Anspruch 17, das ferner die Entfemung der absorbierten Schwefeloxide aus dem teilchenfonmlgen 
Festkorper umfaBt, indem man den teiichenformigen Festkorper den Kohlenwasserstoff-Einsatzmaterialien in der 

Reaktionszone aussetzt. 

19. Verfahren nach Anspruch 17 oder 18. das femer das Inkontaktbringen einer anionischen geschichteten Zusam- 
15 mensetzung aus gemischten Hydroxiden mit dem oxidierenden Gas in der Reaktionszone umfaBt, wobei die de- 

hydratisierte und wenigstens teilweise zusammengesunkene Zusammensetzung efzeugt wird. 
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Revendlcations 

1. Composition qui comprend des microcristallites ayant globalement la formula : 



dans laquelle 



M2-^ est un metal divalent choisi au sein du groupe comprenant le magn6sium, le calcium, le zinc, le baryum 
et le strontium ; 
30 - m varie entre 1.1 et 3,5 ; 

M^* est un m6tal trivalent choisi au sein du groupe comprenant le c6rium, le lanthane, le fer, le chrome, le 
vanadium et le cobalt ; 

- p varie de 0,01 k 0.4 ; 

- T repr6sentB le vanadium, le tungstens ou le molybd6ne, k la condition que T et ne repr6sentent pas lous 
35 deux le vanadium lorsque fJ^* est le magnesium ; 

r varie de 0,01 ^ 0,2 ; s est 6gal k 2,5 lorsque T repr6sente le vanadium ou est 6gal h 3 lorsque T reprfesente 
le tungstene ou le molybdene ; composition dans laquelle les microcristallites sont substantial lement compo- 
ses de microcristallites sous fomne de solutions solides ayant de I'oxyde d'aluminium disperse dans un mo- 
noxyde du metal divalent, et de microcristallites en phase spinelle, chacun des microcristallites ayant sa plus 
40 grande dimension Itndaire comprise entre 0,1 et 30 nanometres. 

2. Composition sebn la revendicatfon 1 . dans laquelle les microcristallites sont en outre compos6s de microcristallites 
de phase oxyde de m^tal trivalent. 

4S 3. Composition selon la revendication 1 ou la revendication 2, dans laquelle les microcristallites de phase spinelle 
sont essentiellement de formule : 



MgAlgO^ 

so 

4. ProcSde de fabrication d'une composition selon Tune quelconque des revendications 1 ^ 3 qui comprend : 

l'op6ration de melange k I'eau, d'environ deux parties molaires d'un sel tfun m6tal divalent choisi au sein du 
groupe comprenamt le magnesium, ie calcium, le zinc, le strontium et le baryum, et d'environ une partle molaire 
£5 au total d'un sel d'aluminium et d'un sel d'un metal trivalent choisi au sein du groupe comprenant le c6rium, 

le lanthane, le fer. le chrome, le vanadium et le cobalt, pour donner un melange ; 

- le chauffage dudit melange k une temperature comprise entre 50'*C et 100*C pendant au moins une heure ; 

- la r6cup6ration k partlr du mSlange, d'un hydroxyde mixte k couche anionique ayant des anions relativement 
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petits choisi au sein du groupe comprenant CO^, OH, SO3, SO4, C( et NO3. 

la calcination de t'hydroxyde mixte k couche anionique ainsi r^cup^rS, pendant au moins une heure k une 
temperature comprise entre 450''C et lOOO^C, pour donner un mat^riau deshydratd qui est essentiellement 
d^pour^^u des anions relativement petits ; 

I'op^ration de melange du mat^riau dSshydrat^ avec une solution aqueuse contenant 0,01 k moins de deux 
parties molaires d'un sel mdtallate contenant des anions vanadate, tungstate et molybdate pour donner une 
suspension, la solution contenant aussi une quantity d'agent de contrdle de I'alcalinitd. appropride k la stabi- 
lisation des anions dans ia forme monom^tallate. dimStallate. trimStallate ou tdtramStallate ; et 
la rdcupdration des solides k partir de la suspension, et la calcination desdits solides pour donner une com- 
position au moins partiellement ddgradSe. appropri^e k Tempiol en tant qu'absorbant des oxydes de soufre. 

Proc6d6 selon la revendication 4, dans lequel le sel m^tallate est melange avec une quantity suffisante pour 
produire dans la portion liquide de la suspension, une concentration molaire de I'anion qui solt comprise entre 
environ 0,01 ^ 1 , et dans lequel ('anion est un vanadate. 

Proc^dd selon la revendication 4 ou la revendication 5, dans lequel le m6tal divalent est le magnesium et le mdtal 
trivalent est le cdrium. 

Proc^dd selon Tune quelconque des revendlcatlons 4^6, dans lequel les microcrlstallltes sonten outre composes 
de microcristallites de phase oxyde de mdtal trivalent. 

Proc^dS de fabrication d'une composition sebn Tune quelconque des revendications 1 £1 3 qui comprend : 

Topdration de melange k I'eau, d'snviron deux parties molaires d'un set d'un mStal divalent choisi au sein du 
groupe comprenant le magndstum. le calcium, le zinc, le strontium et le baryum, d'environ une partie molaire 
au total d'un sel d'aluminlum et d'un sel d'un m^tal trivalent choisi au sein du groupe comprenant le cerium, 
le lanthane, le fer, le chrome, le vanadium et le cobalt, d'environ 0,01 k moins de deux parties molaires d'un 
sel m6tallate contenant des anions vanadate, tungstate ou molybdate, et d'une quantity d'un agent de contr6le 
de Talcalinitd appropriee k la stabilisation des anions dans la forme nfx>nomdtallate, dimdtallate, trlm^tallate 
ou tetram§taliate, pour donner un melange ; 

- le chauffage dudrt melange k une temperature comprise entre SO^C et 100"C pendant au nioins une heure ; 

- la recuperation k partir du melange, d'un hydroxyde mixte k couche anionique ; et 

- la cabination de I'hydroxyde mixte k couche anionique ainsi rdcupdrd, pendant au moins une heure k une 
temperature comprise entre 450"C et 1000"C, pour donner une composition au moins partiellement d6grad§e. 
appropriee k I'emploi en tant qu'absorbant des oxydes de soufre. 

Proc6d6 selon la revendication 8, dans lequel I'hydroxyde mixte k couche anionique ainsi recupere est de formule : 



est un m6tal divalent choisi au sein du groupe comprenant le magnesium, le calcium, le zinc, le baryum 
et le strontium ; 
m varie de 1,1 ^ 3,5 ; 

- est un metal trivalent choisi au sein du groupe comprenant le c6rium, le lanthane, le fer, le chrome, le 

vanadium et le cobalt ; 

- p varle de 0,01 k 0,4 ; 

- J represente VO3. HVO4. VO4. V2O7. HV2O7, V3O9. V4O12, WO4 ou Mo04 ; 

- V est la charge ionique nette associee k J ; 
k varie de 0,01 k moins de 2 ; 

- A represente CO3, OH. SO3, CI ou NO3 ; 

q est la charge ionique nette associee & A ; et 
x est un nombre posrtif. 

Precede selon ia revendication 9, dans lequel les microcristallites sont composes en outre de microcristallites de 
phase oxyde de metal trivalent. 




dans laquelle 
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11. Proc6d6 selon la revendication 9 ou la revendlcation 10 dans lequel le monoxyde est I'oxyde de magnesium. 

12. Proc6d6 selon Tune quelconque das revendicatlons 9^11, dans lequal A represente un carbonate. 

5 13. ProcSd^ de s^paratbn d'oxydes de soufre k partir d'un melange gazeux contenant des oxydes de soufre, qui 
comprend I'absorption desdits oxydes de soufre par Texposltion d'un melange gazeux contenant des oxydes de 
soufre h una composHion d^shydrat^e et au moins partiellement dSgradde selon I'une quelconque des revendi- 

cations 1 k 3. 

10 14. Proc6d6 selon la revendlcation 13, qui comprend aussi la d6sorptbn des oxydes de soufre par la nnise en contact 
de la composition dSshydrat^e et au nrwins partiellement d^grad^e. avec un hydrocarbure en presence d*un ca- 
talyseur de craquage. 

15. Proc^dd selon la revendication 13 ou la revendication 14 qui comprend aussi rexpositbn d'un hydroxyde mixte h 
IS couche, au melange gazeux contenant des oxydes de soufre, k une temperature comprise entre 450"C et 1000"C 

pour donner la composition ddshydratde et au moins partiellement ddgrad^e. 

16. Proc^d^ selon i'une quelconque des revendicatlons 13 § 15, dans lequel la dSsorptlon produit des composes 
soufr^s qui comprennent le suit u re d'liydrogene. 

20 

17. Proc^d^ pour le craquage catalytique fluidisS cyclique d'un produit de depart tiydrocarbure contenant des com- 
poses organiques soufres, dans lequel : 

(i) le produit de depart est m^langd avec un catalyseur partlculaire de craquage dans une zone rdactionnelle 
k une temperature comprise entre 430°C et 730*0 pour donner des hydrocarbures craquSs et un coke con- 
tenant du soufre, des composants relativement volatlls et des composants relativement moins volatils ; 

(ii) le catalyseur de craquage est separe des hydrocarbures craques et passe dans une zone d'extraction ou 
le catalyseur est expose k un courant gazeux d'extraction a une temperature comprise entre 430°C et 730*C 
dans )e but d'extraire substantiellement les composants volatils du catalyseur de craquage ; 

(iii) le catalyseur de craquage est passe dans une zone de regeneration ou le soufre et les composants rela- 
tivement moins volatils sont substantiellement extirpes desdits catalyseurs de craquage par combustion en 
presence d'un gaz oxydant, k une temperature comprise entre 565'C et790*C pour donner un courant gazeux 
effluent contenant des oxydes de carbone et des oxydes de soufre ; et 

(iv) le catalyseur de craquage est renvoye vers la zone reactionnelle ; 

dans lequel la quantite totale d'oxydes de soufre dans le courant gazeux effluent de la zone da regeneration est 
reduite par la technique qui comprend I'absorption d'au moins une portion des oxydes de soufre dans la zone de 
regeneration avec un soltde partlculaire fluidisable qui comprend une composition deshydratee et au mo'ms par- 
tiellement degrades selon I'une quelconque des revendicatlons 1 k 3. 

Procede selon la revendication 17, qui comprend aussi t'eiimination des oxydes de soufre absorbes k partir du 
solide particulaire, par exposition dudit solide partlculaire aux produits de depart hydrocarbures dans la zone reac- 
tionnelle. 

^5 19. Precede selon la revendication 17, qui comprend aussi la mise en contact d'une composition d'hydroxyde mixte 
k couche anionique avec le gaz oxydant dans la zone de regeneration pour donner la composition deshydratee 
et au moins partiellement degradee. 
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